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ABSTRACT 

Chlroptlcal propertIes of heparm for various degrees of neutrahzatlon of the 
sulfate and carboxyllc groups and for different counter-ions m salt-free aqueous 
solutions were mvestlgated Vanatlons of optlcal rotation and elhptlclty values at 
gven wavelengths are compared to simultaneous pH and vlscoslty changes observed 
during the neutrahzatlon of heparm by sodmm and calcium hydroxide For Na+, 

varlatlons of elhptlclty at 210 nm are related to acid-base properties of uromc car- 
boxyhc groups C d characteristics found for alkaline-earth counter-ions (Mgzi, 
Ca* +, and Ba2+), as compared to Naf , are asslgned to effects of dlvalent ions on 
the lomzatlon behavior of carboxyhc groups Among the dlvalent counter-Ions 
considered, Ca2+ gave the strongest interaction with the heparm polyamon, but no 

specific complex formatlon was observed 0 r d and c d data are discussed on the 
basis of a randomly coded structure for macromolecules composed of rigid, hetero- 
cychc repeating-units that are independent of each other m so far as electromc transl- 
tlons of chromophore groups contnbutmg to optical actlvlty are concerned 

INTRODUCTION 

Because of Its outstanding anticoagulant properties, heparm, a polysaccharlde 
extracted from various tissues, 1s now an mdustrlal compound available m different 
salt forms (Na+, Cat+, etc ), which are used on a large scale m the medical field 
Although this highly charged macromolecule, which bears sulfate and carboxylate 
groups, was discovered early at the beginning of this century, relatively little Interest 
has been devoted to Its polyelectrolytlc behavior as compared to Its bIologica 
actlvlty’ 

At present, heparm IS considered as a macromolecule predominantly composed 
of altematmg sequences of a-t-ldopyranosyluromc acid 2-sulfate and 2-deoxy-2- 
sulfammo-a-D-glucopyranosyl 6-sulfate residues glycosldlcally (1+4)-linked Other 

*Acid-base and chlroptlcal propertles of heparmlc acid, the acid form of heparm Part I 
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constrtuents are present, such as /?-D-glucopyranosyluromc actd and 2-acetamldo-2- 
deoxy-cr-D-glucopyranosyl resrdues, depending on the ongm of the compound’ 
Concemmg the polyelectrolyttc behavior of heparms, the romzed groups present 
are OSO;, NHSO;, and CO;, m proportrons not yet exactly defined Based on 
optrcal actlvrty, hepann IS a rather complex polymer, and Its conformatronal structure 
m solutron 1s strll under drscusslon Based on the chrroptrcal propertres of rts com- 
plexes wrth dyes, heparm has been suggested to be a hehcal polymer3 or, at least, a 
polymer havmg a hrgh degree of hehcal 4 order In contrast, a random (or Gaussran) 
co11 conformatton has been proposed on the basrs of the physrcochemrcal properties 
of Its solutrons’ Chuoptrcdl data (o r d and c d ) have been wrdely apphed to the 
study of the conformatronal behavror of poly-a-ammo acrd- and polynucleotide-type 
poiyefectro~ytes5 On the other hand, It has been shown that valuable mformatron 
on the chemrcal properties of optically active polyelectrolytes may be drawn from 
o.r d and c d data for randomly coiled compounds 6 In spite of its heterogeneous 
cham-lengths and chemtcal composrtion, heparm may be consrdered as another 
example of multrfunctronal, optrcally actrve polyelectrolytes Therefore, rt was of 
interest to determine whether pH-induced, chrrophcal-property changes m hepann 
could be related to acid-base propertres of the various functronal groups, as IS the 
case for synthetic, optrcahy active po1yeIectroIytes So far, Interest m the protomc 
form of heparm has been hmrted, probably because of the labrhty of thus compound, 
from which the sulfate groups are split off very raprdly at low pH’ Thus paper reports 
the chuoptrcal propertres of heparm m salt-free water solutrons, at various degrees 
of neutrahzatron and for drfferent counter-Ions, wrth specral mterestm the composftion 
of CaZf and Nat systems For the sake of homogenerty, all the expenments reported 
herem were carned out on a smgle sample of hepann extracted from porcme-mucosa 
&sues and supphed as the caIcmm salt The stabrhty of the acrd form of hepann 
m water solutron was first mvestrgated m order to ascertain the experrmental con- 
drtrons allowmg the effect of degradatron durmg observation to be neglected 

EXPERIMENTAL 

Materrals - The sample of heparm (Ca’+ salt, or calcrum heparmate) was 
kmdly supphed by Choay Chrmre S A (75782 Pans, France, Calcrparme Choay) 
[Anal Found N, 2 26, S, 11 65, blologrcal acttvrty, 158 u s p umts/mg (167.6umts/mg 
for the fully dned compound)] 

The ‘H- and 13C-n m r data mdrcated that the selected heparm belongs to 
type A accordmg to Perlm2, z e , it contams an Important proportron of 2-acetamrdo- 
2-deoxy-a-D-glucopyranosyl resrdues A solutton of the calcmm salt was prepared 
by dralyzmg, for 48 h, a soluhon (c 1 1) m a semrpermeable cellulose tube against a 
slow flow of dtstllled water to yteld a stock solutton (TN 0 05 equrv L-l) 

A solutron of the acid form of hepann (heparmlc acid) was prepared by passmg 
the stock solutron of calcmm salt through a column contammg Dowex 50W X-8 
(Ht form, 20-50 mesh) ion-exchange resin The column was washed and the collected 
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The observation that the respective contrrbutions of the ~omzat~on of D- 

glucuromc and r_.-rduromc carboxyhc groups (known to be present m heparm extracted 
from porcme mucosal tissues) were not drstmgurshed m drchrometnc titration curves 
may be discussed on the basis of the considerations above It IS hkely that the carboxy- 
hc groups m both types of uromc umt behave smularly, m so far as the romzatlon 

process IS concerned Indeed, that process depends primarily on the high negative 
charge of the heparm polyamon Both groups are certainly ionized m the same range 
of pH values Accordmgly, the observed c d changes represent averages that reflect 
the total romzatron of carboxyhc groups 

In conclusion, the present mterpretation accounts well for the results of the 
chuoptical investigations described m the present paper The conformation proposed 

for hepann m solution agrees with the Gaussian coil suggested from partial specific 
volume, sedimentatron coefficient, molecular weight, and mtnnsic vrscosny measure- 
ments’ *. It also agrees with recently reported n m r. mvesugations2’ on the poly- 

amomc character of hepann 
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